Mitochondrial damage is implicated in highly active antiretroviral therapy (HAART) toxicity. HIV infection also causes mitochondrial toxicity (MT). Differentiating between the two is critical for HIV management. Our objective was to test the utility of the Mitochondrial Disease Criteria (MDC) and the Enquête Périnatale Française (EPF) to screen for possible HAART related MT in HIV-infected children in Ghana. The EPF and MDC are compilations of clinical symptoms, or criteria, of MT: a (+) score indicates possible MT. We applied these criteria retrospectively to 403 charts of HIV-infected children. Of those studied, 331/403 received HAART. Comparing HAART exposed and HAART naïve children, the difference in EPF score, but not MDC, approached significance ( = 0.1). Young age at HIV diagnosis or at HAART initiation was associated with (+) EPF ( ≤ 0.01). Adherence to HAART trended toward an association with (+) EPF ( = 0.09). Exposure to nevirapine, abacavir, or didanosine increased risk of (+) EPF (OR = 3.55 (CI = 1. 99-6.33), 4.76 (2.39-9.43), 4.93 (1.29-18.87)). Neither EPF nor MDC identified a significant difference between HAART exposed or naïve children regarding possible MT. However, as indicators of HAART exposure are associated with (+) EPF, it may be a candidate for prospective study of possible HAART related MT in resource-poor settings.
Introduction
Since the advent of highly active antiretroviral therapy (HAART), morbidity and mortality have been greatly reduced in children living with HIV [1] . Unfortunately, longterm use of HAART, specifically of nucleoside reverse transcriptase inhibitors (NRTIs), causes mitochondrial dysfunction manifesting clinically as lipodystrophy, lactic acidosis, peripheral neuropathy, myopathy, and pancreatitis [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Moreover, HIV infection also causes mitochondrial damage [14] [15] [16] . Differentiating between the two could influence HAART regimens, especially in resource-poor settings where the early generation NRTIs are still considered first line therapy [17] . In addition, there are other sequellae of mitochondrial dysfunction such as anemia, poor growth, and cognitive delay [18] that may have a greater impact on developing children than adults, and unfortunately reports of mitochondrial toxicity in children are increasing [6, 19] . These side effects are a particular problem in those children who have acquired HIV perinatally, as they will likely remain on HAART throughout their lifetime. Therefore, a need exists for a sensitive and low-cost screening tool to detect HAART associated mitochondrial toxicity in children living in resource-limited settings in order to help guide the allocation of further diagnostic resources where they are available or distribution of second-line HAART regimens.
Ideally, there would be a cost effective way in which to detect the effect of HAART on mitochondria prior to the development of clinical toxicity. Studies in adults and children have looked at the use of peripheral blood mononuclear cells to detect lower concentrations of mitochondrial DNA [5, 8, [19] [20] [21] [22] [23] [24] , mitochondrial RNA [5, 20, 25] , and mitochondrial proteins involved in oxidative phosphorylation [22, 25, 26] , as well as serial venous lactate levels [8, 27] as possible screening tests. Results have been conflicting as to the clinical utility of these tests; furthermore, in the developing world, the cost of routine laboratory work can be prohibitive for many families, or the technology to run the tests may not be readily available.
Crain et al. demonstrated that two sets of clinical criteria, the Enquête Périnatale Française (EPF) and the Mitochondrial Disease Classification (MDC), may be useful in screening HIV positive children receiving HAART for mitochondrial toxicity. Each tool is comprised of multiple clinical symptoms and diagnoses, a combination of which when present results in a positive score. They demonstrated that exposure to lamivudine and/or stavudine was independent risk factors for a positive score for both criteria sets. In addition, they showed that mortality was increased in those children who scored positive on either the EPF or the MDC, but was highest for those who scored positive on both criteria sets. However, no specific testing, such as biopsy of the affected tissue, was done to confirm mitochondrial toxicity in these patients [28] .
The main objective of our study was to perform a retrospective chart review of those perinatally infected HIV positive children being treated for their disease at the Korle Bu Teaching Hospital in Accra, Ghana in order to assess whether the EPF or MDC could be applied in this resource-poor setting as a potential screening tool for possible mitochondrial toxicity. The primary goal was to determine whether we could replicate the HAART specific findings of Crain et al., using only the clinical assessments and documentation already in place. Secondary goals were to note the medications in use that had a higher correlation with a positive score, to identify those specific clinical criteria that might be more prevalent in this population, and to determine whether the EPF or MDC could identify a difference in the prevalence of mitochondrial toxicity between HAART naïve and HAART experienced patients. children under the age of 18 months, or positive ELISA and Western Blot in a child over the age of 18 months.
Materials and Methods
(i) Elevated lactate >2000 umol/L on 3 occasions (ii) Elevated L/P ratio >18 (iii) Alanine >450 umol/L (iv) CSF lactate >1800 umol/L (v) CSF
Chart Review.
Each chart was manually reviewed in order to try to identify those children who met the specific criteria outlined in these two case definitions. The same individual reviewed all charts included in this study. Charts were pulled from the central chart room at the Korle Bu Pediatric HIV Clinic in groups of twenty. Once documentation of a positive HIV diagnosis was identified, the chart number was recorded. Demographic data was reviewed first for each chart, followed by MDC criteria, followed by EPF criteria. For each data set, the entire chart was reread looking for the specific information; thus each chart was read from cover to cover approximately three times in total. The charts were provided by the World Health Organization and were specific for pediatric HIV patients. The format included both checklists of questions reviewed at each visit, as well as space for free-texting by the physician, though the latter was utilized less frequently. Positive criteria were recorded regardless of HAART status at the time the symptom or diagnosis was recorded.
Additional data collected included current age in months as of April 2011, date of birth, sex, age at HIV diagnosis, exposure to prenatal ART, WHO stage, date of HAART initiation, medications used and total length of time on each medication up to the last documented visit, number of HAART regimen changes, and adherence to medication regimens. The WHO stages recorded were those noted at the last visit on record in the chart prior to April 2011. HAART usage was at any time point from February 2004 through April 2011. Any exposure to individual medications was totaled by number of months spent on that medication. Exposure to HAART was defined as any amount of time on HAART during the study period. Adherence was selfreported by the child or the parent and recorded in the chart as "taking medications as prescribed" or in some cases, the physician noted the number of missed medication doses in the last week or month.
Definition of Clinical Tools.
Two clinical case definitions of mitochondrial disease were used: the Mitochondrial Disease Criteria (MDC) and the Enquête Périnatale Française (EPF) criteria (Table 1) .
The MDC was developed to stratify those children in the general pediatric population whose combination of signs and symptoms might be due to mitochondrial dysfunction [18] . The criteria of the MDC are divided into four categories: muscular, central nervous system, multisystem, and metabolic labs. Over 40 diagnoses are included, with points assigned based upon the number of systems involved with 0-1 points being unlikely mitochondrial disease, 2-4 points as possibly, 5-7 points as probably, and 8-12 points as definitely. The maximum number of points that may be accumulated without including the metabolic labs category is five; thus, for the purposes of our clinical study the highest risk category that a child could attain was "probable mitochondrial disease. "
The EPF criteria have been used primarily to evaluate HIV negative infants who were exposed to HIV and ART in utero [29, 30] . The EPF contains major and minor criteria. The child is considered to have possible mitochondrial disease if he or she fulfills one major criterion on any clinic visit, or two minor criteria on two separate visits. Although the EPF criteria are nearly all clinical, it does include abnormalities on CT or MRI of the brain as well as routine laboratory abnormalities, such as persistent anemia, thrombocytopenia, or leukopenia, and elevated transaminases. These studies were not routinely available for every chart reviewed; however, when the information was noted, it was included in the data collection.
Statistics.
Fisher's Exact Test was used to determine significance regarding MDC or EPF positive scores for each cohort. McNemar's Test was used to establish correlation of the two clinical tools. Logistic regression models were applied to the medications and individual criteria to determine risk related to positive score.
Results
Of the 403 children with documented HIV infection, 331/403 (82%) were HAART experienced as of April 2011. Older children ( = 0.05) and children with higher WHO stages as recorded at their most recent visit ( < 0.0001) were more likely to be on HAART. Otherwise, HAART experienced and HAART naive groups were similar in all aspects evaluated ( Table 2 ).
The MDC did not demonstrate a difference between HAART experienced and HAART naive cohorts with regards to possible mitochondrial toxicity ( = 0.81). In addition, only one child from each cohort scored in the "probable mitochondrial disease" category ( Table 3 ). The EPF also did not demonstrate a significant difference in mitochondrial toxicity between the HAART experienced and HAART naive cohorts; however, the value approached significance at 0.10 (Table 3) . Therefore, the remainder of our analysis focused on the EPF as we were interested to see if any associations might be worth further investigation. Male sex ( = 0.012), higher WHO stage at the last recorded visit ( < 0.0001), younger age at HIV diagnosis ( = 0.002), and younger age of HAART initiation ( = 0.003) were all significantly associated with EPF positivity. Interestingly, self-or parentreported adherence to medication ( = 0.093) and younger overall age as of April 2011 ( = 0.088) trended toward a significant association with EPF positive score (Table 4) .
Medications in use at Korle Bu in order of most common to least common were lamivudine ( = 331), zidovudine ( = 327), efavirenz ( = 250), nevirapine ( = 93), abacavir ( = 44), kaletra ( = 16), stavudine ( = 21), didanosine ( = 9), and nelfinavir ( = 3). The most common HAART regimen in use was zidovudine plus lamivudine, and either efavirenz or nevirapine. Any exposure during the course AIDS Research and Treatment 5 of HAART treatment to nevirapine (OR = 3.55, 95% CI = 1.99%-6.33%), abacavir (OR = 4.76, 95% CI = 2.39%-9.43%), or didanosine (OR = 4.93, 95% CI=1.29%-18.87%) appears to increase an individual's risk of a positive EPF score. Any exposure to efavirenz (OR = 0.50, 95% CI=0.28%-0.87%) appears to be protective. None of the clinical or laboratory criteria of those children with a positive EPF seem to occur more frequently in the HAART experienced or HAART naive patients ( = 0.18-1.00). Overall, the most common positive criteria in the 59 children with a positive EPF score regardless of HAART status include the following: moderate cognitive delay (entered into charts as developmental delay) (38.9%), persistent anemia (hemoglobin < 10 on more than one laboratory result) (38.0%), increased transaminases (ALT and AST > 40 on more than one laboratory result) (22.0%), decrease in visual acuity/retinopathy (16.9%), cardiomyopathy (15.2%), motor disabilities (13.5%), nonfebrile seizures (10.0%), impaired cognitive development (entered into chart as severe developmental delay or mental retardation) (8.4%), and changes in muscle tone (8.4%).
Discussion
To date, our study is the only one to have examined a clinical criteria set for possible HAART related mitochondrial toxicity in a resource-limited setting. We were unable to demonstrate a clear difference in either MDC or EPF positive scores between HAART experienced and HAART naive children; however, our findings highlight some important associations that are worth discussion and further research. In resource-limited settings, HIV positive children are only beginning to have access to the lifesaving antiretroviral medications. Unlike in the Western World where new, potentially less toxic, medications are constantly being exchanged for the old, these children will likely continue on early generation antiretrovirals for the foreseeable future. Monitoring for toxic effects is important, not only to document their occurrence, but also to ultimately prevent nonadherence leading to increased viral loads and HIV transmission. A clinical tool would be ideal, as it would be low cost, easy to implement, and universally accessible. Our study suggests that that the EPF may be worth further investigation as that tool.
We found that any exposure to nevirapine, abacavir, or didanosine, as well as a younger age of HAART initiation was significantly correlated with EPF positivity. In addition, adherence, meaning those children (or in some cases, their parents) self-reporting compliance with their medications, trended towards significant correlation with EPF positivity. These findings hint that perhaps there is an association between HAART exposure and a positive EPF score, and therefore possible mitochondrial toxicity, which was simply not illuminated in a retrospective study. In addition, the difference in EPF scores between HAART exposed and HAART naïve patients did trend towards significance. Studying the EPF in a prospective model would help to determine whether this trend could be beneficial to patient management decisions.
There were clear limitations to our study design. One major problem that we encountered had to do with the way in which records were kept at our site. Charts were hand written, brief, and subjective. There was a lack of basic laboratory data, and even in those cases where there was an indication in the chart that laboratory studies had been obtained, often no results were recorded. There were instances when portions of charts were missing, or charts were accidentally taken by patients and never returned. All of these things contributed to a heterogeneous data set. In addition, the criteria sets themselves are composed of both objective and subjective components. For example, the EPF criteria include "impaired cognitive development" which may be described in the chart in a variety of indirect ways, alongside more objective findings such as "cranial nerve paresis. " During the retrospective review of the chart, we could only score criteria as positive if they were documented in a way that made the diagnosis, or suspected diagnosis, explicit. Because of this, it is possible that many diagnoses were underscored. This bias would be lessened in a prospective model in that the physician making the diagnosis would be the same physician marking the criteria as positive. Future studies would benefit from an objective tool, possibly a set form to be completed or, even better, a biologic marker of mitochondrial toxicity.
It may be that we were ultimately measuring something other than mitochondrial toxicity in this population. Malnutrition, low standard of living, and low parental education level could all contribute to many of the criteria met by this population of children, such as "anemia" and "moderate cognitive delay. " That being said, the hallmark of mitochondrial disease is multiorgan system involvement [31] , a key point that the two scales utilize to try to tease out who has mitochondrial disease versus another disease process. Furthermore, other criteria that were commonly met, such as "cardiomyopathy" and "decreased visual acuity" are not as readily explained by poor living standards and are often regarded as red flags in children as possible indicators of mitochondrial disease [31] . Although some of these symptoms are also among those expected with HIV infection, the mechanisms are not always entirely clear; hence the interest in determining if there is a difference in the rate of occurrence of the clinical criteria put forth in the EPF between HIV infected children exposed to and naïve to HAART in a prospective model.
Also important to note is that without a reliable, objective marker of mitochondrial toxicity with which to compare the clinical results, it will be difficult, even in a prospective model, to prove a true association between a positive score in either the MDC or EPF with actual mitochondrial toxicity. The positive predictive values of the EPF and MDC, especially when used without consistent laboratory and imaging data, are unknown. In the study that originally complied the criteria set for the EPF, only 29/196 EPF positive children were considered to have symptomatology compatible with true mitochondrial dysfunction [29] , thus giving the EPF a PPV of approximately only 14.7%. After scoring positive on the EPF, these children were evaluated by a physician who determined if there was another possible cause for their symptoms other than mitochondrial disease. In addition, if the symptoms 6 AIDS Research and Treatment resolved without any intervention, the child was believed not to have mitochondrial disease. Interestingly, of the 29 thought to have true mitochondrial dysfunction, 7 went on to have a tissue confirmed diagnosis, 14 had laboratory data supporting the diagnosis, and 8 had not yet had diagnostic studies performed at the time of publication. Thus the application of this algorithm for those with positive EPF scores increases the PPV, something that we could utilize in a prospective study, but could not take advantage of in the retrospective study design. The diagnosis relies heavily upon the combination of clinical symptoms, laboratory and imaging abnormalities, as well as an invasive tissue biopsy as the gold standard; thus, highlighting the need for a clinical tool, especially in resource-limited settings, with the capability to identify those who would benefit most from these costly diagnostic procedures.
The only other group to have examined the MDC and EPF in the context of HAART related mitochondrial toxicity is Crain et al. In contrast to our findings, they reported that exposure to lamivudine and/or stavudine was independent risk factors for a positive score for both EPF and MDC criteria sets. They also had 16.4% of their study subjects, compared to our 0.4%, meeting criteria for mitochondrial toxicity on both the MDC and EPF. Major differences that likely account for these discrepancies between our studies include the design and the study population. Their study was designed as a prospective cohort study; ours was a retrospective chart review. Their study subjects were participants in the Pediatric AIDS Clinical Trials Group (PACTG). Although some protocols under this group were conducted in resourcepoor settings, protocols 219 and 219C were only conducted at sites in the United States and Puerto Rico (ClinicalTrials.gov no. NCT00006304). Therefore, to date, our study is the only one to have examined a clinical criteria set for possible HAART related mitochondrial toxicity in a resource-limited setting.
Conclusions
Our study serves as a starting point for those interested in the evolution of HAART associated mitochondrial toxicity in resource-limited settings. We demonstrated an association between indicators of HAART exposure and EPF positive scores. The retrospective design of our study was not able to detect a significant difference with regards to possible mitochondrial toxicity between HAART exposed and HAART naïve children. However, the trend towards significance encourages us to think that the EPF is a good candidate for further study in a prospective model as a screening tool for possible mitochondrial toxicity. Such a tool could help guide the use of more costly laboratory testing, diagnostics, and even allocation of second line medications in resourcelimited settings.
